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57 ABSTRACT

A liquid dispensing system is provided for automated dis-
pensing of a plurality of liquid reagents into a recreational
body of water. The liquid dispensing system includes a car-
tridge apparatus housing a plurality of liquid reagent contain-
ers, each containing a respective liquid reagent. A docking
assembly is provided having a dock manifold device, and is
releasably coupled to the cartridge apparatus between a first
condition and a second condition. In a first condition, the
cartridge apparatus can be removably coupled to the docking
assembly, while in the second condition, the cartridge appa-
ratus is lockably mounted to the docking assembly in a man-
ner permitting fluid communication from the respective
reagent container to respective fluid passages of the manifold
device. The dispensing system further includes a dosing
engine having a valve manifold device to selectively dispense
the liquid reagents into the recreational body of water through
a dispensing port.
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DOSING ENGINE AND CARTRIDGE
APPARATUS FOR LIQUID DISPENSING AND
METHOD

RELATED APPLICATION DATA

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 10/977,325, (Attorney Docket No.
RDYNPO006), naming Straka et al., and filed Oct. 29, 2004,
and entitled DOSING ENGINE AND CARTRIDGE APPA-
RATUS FOR LIQUID DISPENSING AND METHOD,
which claims priority under 35 U.S.C. §119 to U.S. Provi-
sional Application Ser. No. 60/515,721 (Attorney Docket No.
RDYNPOO6P), naming Servin et al. inventors, and filed Oct.
29, 2003, and entitled DOSING ENGINE ASSEMBLY FOR
A RECREATIONAL BODY OF WATER, the entirety of
which is incorporated herein by reference in its entirety for all
purposes.

TECHNICAL FIELD

[0002] The present invention relates to liquid dispensers,
and more particularity, relates to automated liquid dispensers
of reagents for recreational bodies of water.

BACKGROUND ART

[0003] Manual dispensing of a specific quantity of liquid or
solid chemical into a body of water is common in industrial
and residential applications. Adding laundry detergent to a
clothes washer or anti-streaking wetting agent to the dish-
washer are only two everyday residential examples. Consum-
ers of appliances such as these are always searching for fea-
tures that save them time and increase performance.
Frequently, the feature of greatest value to the time strapped
consumer is automation of the dispensing activity. Automa-
tion is highly valued by consumers since, in the examples
cited above, it eliminates the need for messy manual volu-
metric measuring but more importantly, it removes the pos-
sibility that chemical dispensing was forgotten prior to initi-
ating the activity.

[0004] The hot tub or pool is another example of an appli-
cation where chemicals are routinely dispensed into a body of
water, typically manually. In the case of a hot tub, water
chemistry is critical for maintaining water sanitation and
ultimately, water safety. Currently consumers are asked to
regularly (at least bi-weekly) measure the condition of the
water and then manually dispense an appropriate amount of a
water treatment chemical or chemicals into the water. While
some consumers are willing or able to accomplish this task
religiously, it is well known that many residential tubs are not
maintained appropriately. Mycobacteria: Health Advisory,
United States Environmental Protection Agency, Office of
Science and Technology, EPA-822-B-01-007 (August 1999).
In some cases this can result in serious water quality condi-
tions that can expose users to infectious bacteria such as
mycobacteria (Id.). The main reasons these tubs are poorly
maintained is consumer forgetfulness to address the water
every two weeks and/or mistakes in dosing.

[0005] Given that a hot (100° F.-104° F.) body of water is
significantly more susceptible to microbiological contamina-
tion, having a system that maintains superior water quality via
automated water chemical dispensing into hot tubs would be
a very high-value consumer product.

[0006] Further, due to the importance of proper recreational
water maintenance, many pool and spa treatment systems
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have been developed in the past. For example, U.S. Pat. No.
4,992,156 discloses a pool purifier based on electrolytic pro-
duction of chlorine. A bromine-generating system for por-
table spas is described in U.S. Pat. No. 6,238,555. It also uses
an electrolytic cell for electrochemical bromine production,
but employs an amperometric sensor for accurate determina-
tion of bromine levels in spa water. The sensor output is then
used to control the power supply, and in turn, the electrolytic
cell, in order to maintain bromine levels in spa water within
preset limits.

[0007] Although the system is effective in producing and
maintaining bromine levels in portable spas, its’ operation is
based on adding salts to spa water, which can lead to corro-
sion of metallic spa components (heaters, pumps etc.). Bro-
mine degrades upon exposure to sunlight and is not odor-free.
Also, some people’s skin is too sensitive to halogens, while
others find presence of salts in water objectionable.

[0008] Accordingly, there is a need for liquid dispensing
systems that accomplish the task of dispensing the proper
dose of water treatment chemical(s) into a pool or hot tub,
thereby eliminating the errors inherent in manual additions
but at least equally important, and eliminating the possibility
that dosing was not accomplished at the recommended inter-
val.

DISCLOSURE OF INVENTION

[0009] The present invention provides a liquid dispensing
system for automated dispensing of a plurality of liquid
reagents into a recreational body of water. The liquid dispens-
ing system includes a cartridge apparatus defining a cavity,
and a cartridge front wall. A plurality of liquid reagent con-
tainers are included, each containing a respective liquid
reagent and each being disposed in the cavity in a manner
permitting access to each respective liquid reagent through
the front wall. A docking assembly is provided having a dock
manifold device, and is releasably coupled to the cartridge
apparatus between a first condition and a second condition. In
a first condition, the cartridge apparatus can be removably
coupled to the docking assembly, while in the second condi-
tion, the cartridge apparatus is lockably mounted to the dock-
ing assembly in a manner permitting fluid communication
through the cartridge front wall from the respective reagent
container to respective fluid passages of the manifold device.
The dispensing system further includes a dosing engine hav-
ing a valve manifold device that includes a plurality of intake
ports and a dispensing port. The intake ports are fluidly
coupled to the respective dock manifold fluid passages, via
connection tubes, and the dispensing port is configured to
deliver the liquid reagents to the body of water. The dosing
engine further includes a valve assembly fluidly coupled to
the valve manifold device to manipulate the flow distribution
between the respective intake ports and the dispensing port. In
this manner, the respective liquid reagents can then be selec-
tively dispensed to the recreational body of water through the
dispensing port.

[0010] Accordingly, a set of liquid reagents necessary to
maintain recreational bodies of water (e.g., spas, pools, etc.)
in a sanitary condition, can be automatically dispensed in the
proper amounts and at the proper intervals. Due to the sim-
plistic design, the cartridge apparatus, that contains liquid
reagent containers, can be mounted for delivery of the
reagents into the body of water, while the dosing engine can
be remotely positioned in a safe location.
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[0011] In one specific embodiment, the valve manifold of
the dosing engine includes a stator element defining a first
inlet passage fluidly coupled to one of the reagent reservoirs.
The stator element includes a first inlet port of the plurality of
inlet ports that terminates at a stator face lying in an interface
plane. The stator element further includes a second inlet pas-
sage fluidly coupled to the dispensing port that also termi-
nates at the stator face. The stator element also includes a third
inlet passage having one portion fluidly coupled to the pump
device and another portion fluidly coupled to a drive port. The
valve assembly including a rotor element that defines a rotor
face oriented in the interface plane in opposed relationship to
and contacting the stator face in a fluid-tight manner. The
rotor element defines a channel that is rotatably movable
about a rotational axis, relative to the stator face, for rotational
movement of the rotor face between at least a discrete first
aspirate and dispense position. In first aspirate position, the
channel fluidly couples the first inlet port and the drive port,
while in the dispense position, the channel fluidly couples the
dispensing port and the drive port.

[0012] Inanother embodiment, the dosing engine includes
a fluid containment reservoir, having a discrete volume, in
fluid communication with the drive port and the pump device
for containment of liquid reagent therein. In the first aspirate
position, a discrete volume of liquid reagent from the one
reagent reservoir can be aspirated, via a pump device, through
the first intake port, the drive port and into the containment
reservoir. In the dispense position, the discrete volume of
liquid reagent contained in the containment reservoir can be
dispensed therefrom, via the pump device, through the drive
port and out of the dispensing port.

[0013] Instill another configuration, the stator element fur-
ther includes a wash passage having one portion configured to
fluidly couple to a wash reservoir, and another portion fluidly
coupled to a wash port that terminates at the stator face. The
rotor element is further rotatably movable to at least a discrete
wash position. In this orientation, the channel fluidly couples
the wash port and the drive port. This enables the pump device
to aspirate wash fluid through the wash port, the drive port and
into the containment reservoir.

[0014] The dosing engine, in one embodiment, includes a
pump device that has a pump barrel defining a cavity. A
reciprocating piston is disposed in the cavity, and cooperates
to define a substantial portion of the fluid containment reser-
voir. The pump barrel is preferably angled during operation
thereofin a manner creating an apex portion in the cavity. The
pump barrel contains an offset pump port extending into the
apex portion to facilitate purging thereof.

[0015] Another aspect of the present invention provides a
liquid dispensing system for automated dispensing of a plu-
rality of reagents into a recreational body of water. The sys-
tem includes a plurality of reagent reservoirs each containing
a liquid reagent, and a valve manifold device having a plural-
ity of intake ports. Each reagent reservoir is fluidly coupled to
a respective intake port. A dispensing port, in contrast, is in
fluid communication with the recreational body of water. A
valve assembly is movable between a plurality of discrete
positions between the intake ports and the dispensing port for
selective dispensing of the liquid reagents through the dis-
pensing port and to the recreational body of water.

[0016] In still another aspect of the present invention, a
liquid dispensing system is provided for dispensing of a plu-
rality of liquid reagents, each of which is contained in a
separate respective reagent container. The dispensing system
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includes a docking assembly having a manifold device that is
configured to distribute liquids therethrough. The docking
assembly further includes a mounting structure and a plural-
ity of dock connectors in fluid communication with the mani-
fold device. A cartridge apparatus includes a body member
defines a front wall, and a central cavity therein. The cartridge
apparatus further includes a first dividing wall separating the
central cavity into a first compartment and an adjacent second
compartment. The first and second compartments are each
sized and dimensioned for receipt and support of a respective
reagent container therein. The cartridge apparatus further
includes a first and second connector support that is coupled
to the front wall for communication with the respective first
and second compartment. The first and second connector
supports are each formed and dimensioned for sliding
engagement with a respective collared connector therebe-
tween to enable receipt and support of the respective reagent
container in the respective first and second compartment.
Further the first and second connector supports cooperate
with the respective collared connecter to provide a predeter-
mined amount of sliding longitudinal movement therebe-
tween. The dispensing system further includes a mounting
device coupled to the cartridge apparatus, and configured to
cooperate with the docking assembly mounting structure for
movement of the cartridge apparatus between a first condition
and a second condition. In the second condition, the cartridge
apparatus is removably mounted to the docking assembly. In
accordance with this aspect of the present invention, during
movement of the cartridge apparatus from the first condition
to the second condition, the respective collared connectors of
the reagent containers, slideably mounted to the respective
first and second connector support, are aligned and engaged
with the respective dock connector of the docking assembly
for fluid-tight mating therebetween.

[0017] In one specific embodiment, the mounting device
and the mounting structure cooperate for hinged movement of
the cartridge apparatus relative the manifold device. Thus,
during movement between the first condition and the second
condition, an engagement between the respective collared
connectors of the associated reagent container and the respec-
tive dock connectors is a curvilinear motion. The mounting
device includes a hinge pin, while the mounting structure
includes a hinge slot formed and dimensioned for sliding
receipt of the hinge pin. In a locking position, the mounting
device is releasably locked to the mounting structure, and
enables the hinged movement of the cartridge apparatus about
a rotational axis of the hinge pin between the first condition
and the second condition.

[0018] In still another aspect of the present invention, a
transportable reagent cartridge apparatus is provided includ-
ing a body member defining a central cavity therein, and
having a front wall. A first dividing wall is included that
separates the central cavity into a first compartment and an
adjacent second compartment. Each compartment is sized
and dimensioned for receipt and support of a respective
reagent container therein. A first and second connector sup-
port is also included that is coupled to the front wall for
communication with the respective first and second compart-
ment. Further, each connector support is formed and dimen-
sioned for sliding engagement with a respective collared con-
nector therebetween to enable receipt and support of the
respective reagent container in the respective first and second
compartment. The connector supports further cooperate with
the respective collared connector to provide a predetermined
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amount of sliding longitudinal movement therebetween. The
cartridge device further includes a mounting device coupled
to the body member, and is configured to cooperate with the
docking assembly mounting structure between a first condi-
tion and a second condition. During movement of the car-
tridge apparatus from the first condition to the second condi-
tion, the second condition of which the cartridge apparatus is
removably mounting to the docking assembly, the respective
collared connectors, slideably mounted to the respective con-
nector supports, are aligned and engaged with the respective
dock connector for fluid-tight mating therebetween.

[0019] Inone specific embodiment, each connector support
includes a U-shaped groove extending downwardly from a
lower edge portion of the front wall, and formed for sliding
receipt of the respective collared connector therein. Each
connector support includes a first tang and an opposed second
tang extending into a respective groove thereof. The first and
second tangs cooperate with the respective collar connectors
to retain the collar connector in the respective groove.
[0020] Inanother configuration, the first dividing wall fur-
ther cooperates with the body member to define pocket com-
partment proximate to the front wall. This pocket compart-
ment is formed and dimensioned for receipt of a respective
reagent container therein. The pocket portion of the first
dividing wall is Y-shaped proximate to and cooperating with
the front wall to form a portion of the pocket compartment.
[0021] In still another specific embodiment, the cartridge
apparatus includes a strap device mounted to the body mem-
ber, and extending over the cavity opening in a manner retain-
ing respective reagent containers in the respective first and
second compartments during transportation. To facilitate
alignment and retention of the strap device, the body member
includes at least one strap alignment groove along an exterior
wall thereof that is formed and dimensioned for aligned
receipt of the strap device.

BRIEF DESCRIPTION OF THE DRAWING

[0022] The assembly of the present invention has other
objects and features of advantage which will be more readily
apparent from the following description of the best mode of
carrying out the invention and the appended claims, when
taken in conjunction with the accompanying drawing, in
which:

[0023] FIG. 1 is an exploded top perspective view of a spa
assembly incorporating a liquid dispensing system designed
in accordance with the present invention.

[0024] FIG. 2 is a schematic diagram of the liquid dispens-
ing system of FIG. 1.

[0025] FIG. 3 is an enlarged top perspective view of a
dosing engine of the liquid dispensing system of FIGS. 1 and
2, with a top cover of a housing thereof removed.

[0026] FIGS. 4A and 4B is a series of enlarged side eleva-
tion views, partially broken away, of the dosing engine of
FIG. 3, illustrating movement of a pump device between an
extended and retracted position.

[0027] FIG. 5 is an enlarged top perspective view of a
reagent cartridge apparatus and docking assembly of the lig-
uid dispensing system of FIGS. 1 and 2, in a closed second
condition

[0028] FIG. 6 is an exploded, enlarged, top perspective
view of the assembly of FIG. 5, in an opened first condition.
[0029] FIG. 7 is an exploded, enlarged, top perspective
view of a stator element and a rotor element of a valve assem-
bly of the dosing engine of FIG. 3.
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[0030] FIGS.8A-8Cisaseries of schematic diagrams illus-
trating partial operation of the liquid dispensing system of
FIGS. 1 and 2.

[0031] FIG. 9 is an exploded, enlarged bottom perspective
view of a cartridge apparatus of FIGS. 5 and 6, illustrating
mounting of one of a plurality of reagent containers therein.
[0032] FIG.101is an exploded, enlarged bottom perspective
view of the cartridge apparatus, taken along the line of the
circle 10-10 of FIG. 9.

[0033] FIGS.11A-11Cisa series of enlarged side elevation
views, in cross-section, of the cartridge apparatus and dock-
ing assembly of FIG. 5, and illustrating movement of the
cartridge apparatus between the opened first condition and
the closed second condition.

[0034] FIG. 12 is an enlarged side elevation view, in cross-
section, of a mounting structure of the cartridge apparatus,
taken along the line of the circle 12-12 of FIG. 11A.

[0035] FIG. 13 is an enlarged bottom perspective view ofan
alternative embodiment transportable cartridge apparatus.
[0036] FIGS. 14A-14G is a series of flow diagrams illus-
trating the operational method of the liquid dispensing system
of FIGS. 1 and 2 constructed in accordance with the present
invention.

BEST MODE OF CARRYING OUT THE
INVENTION

[0037] While the present invention will be described with
reference to a few specific embodiments, the description is
illustrative of the invention and is not to be construed as
limiting the invention. Various modifications to the present
invention can be made to the preferred embodiments by those
skilled in the art without departing from the true spirit and
scope of the invention as defined by the appended claims. It
will be noted here that for a better understanding, like com-
ponents are designated by like reference numerals throughout
the various figures.

[0038] Referring now generally to FIGS. 1-8, a liquid dis-
pensing system, generally designated 30, is provided for
automated dispensing of a plurality of liquid reagents into a
recreational body of water 31. The dispensing system 30
includes a cartridge apparatus (FIGS. 5-6), generally desig-
nated 32, defining a cavity 33, and a cartridge front wall 34.
The system further includes a plurality of liquid reagent con-
tainers (e.g., 35-37) containing a respective liquid reagent.
Each reagent container 35-37 is disposed in the cavity 32 ina
manner permitting access to each respective liquid reagent
through the front wall 34. A docking assembly, generally
designated 38, includes a dock manifold device 40, and is
configured to releasably couple to the cartridge apparatus 32
between a first condition (FIG. 11A) and a second condition
(FIG. 11C). In the second condition, the cartridge apparatus
32 is movably mounted to the docking assembly 38 in a
manner permitting fluid communication, through the car-
tridge front wall 34, from the respective reagent container
35-37 to respective fluid passages (e.g., passage 41 of which
is only shown) of the manifold device 40. The dispensing
system 30 further includes a dosing engine (FIGS. 3-4B),
generally designated 45, having a valve manifold device 46.
The valve manifold device includes a plurality of intake ports
(e.g., 50-52) fluidly coupled to the respective dock manifold
fluid passages 41, and a dispensing port 53 to deliver the
liquid reagents to the body of water. The dosing engine 45
further includes a valve assembly 55 fluidly coupled to the
valve manifold device 46 to manipulate the flow distribution
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between the respective intake ports 50-52 and the dispensing
port 53 for selective dispensing of the respective liquid
reagents through the dispensing port and to the recreational
body of water.

[0039] As best viewed in FIGS. 1 and 2, an automated
liquid reagent delivery system 30 is disclosed providing a
plurality of liquid reagent containers 35-37 disposed in a
carrying cartridge apparatus 32 that can be removably
mounted to the docking assembly 38. The docking assembly
38 is fluidly coupled to the dosing engine 45, via connection
tubes 56-58, configured to automate the selection, amount
and frequency of the liquid reagent dispensing into a recre-
ational body of water such as a pool or a spa 59. Pools and
spas, for example, have a set regiment liquid reagents neces-
sary to maintain the water in a sanitary condition. For
example, waterline, liquid oxidizer sanitizer and/or pH
adjustment chemicals are typically required.

[0040] Moreover, the multi-liquid dispensing system of the
present invention is particularly suitable for dispensing mul-
tiple liquid reagents of different viscosities. Typically, dis-
pensing liquids of different viscosity is problematic in that it
creates a high level of force against the pump resulting in
excess deflection with a corresponding decrease in pump
efficiency. The dispensing system of the present invention,
however, is capable of handling different viscosity liquids
since it has been specifically designed with the maximum
viscosities anticipated.

[0041] Referring now to FIGS. 3-4B, the dosing engine 45
will be described in greater detail. Briefly, the dosing engine
45 is essentially the motor of the system that enables the fluid
distribution, the control systems, and the aspiration and dis-
pensing source. The dosing engine 45 includes a compart-
mentalized housing 60 preferably enclosing the components
to shelter the same from moisture and casual access. The
hollow housing is preferably provided by a molded polymer
material such as plastic, but can be composed of other mate-
rials as well

[0042] More specifically, the components include a control
circuit board 61, a pump device 62, a valve assembly 55 and
a liquid valve manifold device 46. The control circuit board
61 is positioned near the top of the housing 60, when in
operation, in an effort to reduce moisture contact. Further, an
isolation wall 63 is positioned between the control circuit
board 61 and the mechanical fluid handling components (i.e.,
the valve assembly 55 and the pump device 62) to provide the
primary isolation from potential moisture contact, shorting
and corrosion.

[0043] At the lowermost position, a drainage device 65 is
provided that enables drainage from the compartment should
the fluid handling components leak. A power and control cord
66 also enters into the compartment through a grommet 67 at
the bottom of the housing 60, which connects, to sockets 68,
the connections of which are not illustrated. Another grom-
met 70 on the other bottom side of the housing 60 is provided
that enables access of the connection tubes 56-58 from the
dock manifold device 40 to the valve manifold device 46.

[0044] As best viewed in FIG. 1, a user interface 71
mounted to the spa 59, for instance, is coupled to the dosing
engine 45 through the power and control cord 66 for control
and operation thereof. Briefly, while the dosing engine 45 can
be mounted virtually anywhere, it is preferred to positioned
the engine in a safe location to reduce unauthorized access
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and environmental exposure. Hence, one preferred location
would be to simply mount the unit within the confines of
cabinetry 72 or the like.

[0045] As mentioned above and as shown in FIG. 3-4B, the
mechanical fluid handling components of the dosing engine
45 includes the valve manifold device 46 and the valve assem-
bly 55. These components collaborate to manipulate the fluid
distribution together with the pump device 62. Briefly, as will
be described in greater detail, in an aspiration mode (FIG.
8A), the liquid reagents can be aspirated from a selected
reagent reservoir (i.e., the reagent container 35-37) into a
containment reservoir 73 for storage thereof. Moreover, in a
dispensing mode (FIG. 8B), the stored reagent in the contain-
ment reservoir 73 is dispensed through a dispensing port 53 of
the valve manifold device 46. To deliver the reagent, a dis-
pensing tube 75 fluidly communicates with the body of water
31.

[0046] Each reagent container 35-37 is fluidly coupled the
dosing engine 45 through the discrete connection tubes
56-58, one for each reagent container 35-37. More particu-
larly, each connection tube 56-58 preferably extends from the
dock manifold device 40 of the cartridge apparatus 32 to the
valve manifold device 46 of the dosing engine. While these
connection tubes are illustrated as continuous, intermediate
interconnections are preferably included (not shown) to
facilitate installation. These connection tubes are preferably
flexible to facilitate installation, are material selected to be
compatible with the liquid reagents dispensed so as not to
adversely react with any of them. Typical of such tube mate-
rials include TEFLON and polyethylene, PEEK and polypro-
pylene.

[0047] Inaccordance with the present invention, the deliv-
ery of liquid reagents should be relatively precise, both in
volume and frequency. This assures a proper sanitation level.
To {facilitate such relatively precise volumetric delivery, a
rotary-style switching valve and syringe-style pump are
employed to accurately manipulate and dispense the liquid
reagent.

[0048] The pump device 62, as illustrated in FIGS. 4A and
4B, includes a pump barrel 76 defining an interior cavity 77
and a pump piston 78 therein. Both the interior cavity 77 and
the peripheral surface of the pump piston 78 are preferably
cylindrical-shaped, and reciprocate between a fully extended
position (in FIG. 4A, the pump piston 78 is shown nearly fully
extended) and a fully retracted position (FIG. 4B). The cir-
cular end surface 80 of the pump piston 78 and the interior
cavity 77 cooperate to define a variable volumetric fluid con-
tainment reservoir 73. This storage space contains the aspi-
rated liquid reagent therein, in a precise volume that will be
dispensed through the dispensing port 53 and into the body of
water, as will be discussed.

[0049] To aspirate the liquid reagent (or any liquid) into the
containment reservoir 73 of the pump barrel 76, the pump
piston 78 is retracted from the extended position (FIG. 4A)
toward a retracted position (FIG. 4B). A vacuum is generated
that draws the liquid reagents through a pump port 81 in the
pump barrel 76 via pump tube 82.

[0050] By accurately controlling the displacement of the
pump piston 78, the volume of the liquid aspirated or dis-
pensed from the containment reservoir 73 can be accurately
controlled. To Such precise linear control is performed by a
linear stepper motor 83 that is coupled to a rod 85 of the pump
piston 78. This stepper motor 83 is preferably designed to
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“home” into position without a position sensor (no feedback)
using a mechanical stop on a motor shaft thereof.

[0051] One example of these type pumps is that provided
by Rheodyne Model No. MLLPP777-111, which offer precise
liquid delivery in the range of about 0.010 cc to about 1.0 cc.
It will be appreciated, of course, that since a syringe-style
pump is applied, the diameter of the piston and the length of
the stroke may be selected to dictate volume of liquids con-
tained and delivered.

[0052] Inaccordance with one aspect of the present inven-
tion, the pump barrel 76 is angled upwardly in the housing to
facilitate purging of any trapped bubbles contained within the
containment reservoir during operation. As best viewed in
FIG. 4A, by angling the pump barrel 76 (preferably about
45°), an apex portion 86 in the cavity 77 is created where any
bubbles will flow to facilitate purging, and thus maintain the
dispensing efficiency of the pump device. Access to the apex
portion 86 is provided through the pump port 81, which is
offset from a central longitudinal axis of the pump barrel 76.
Accordingly, any trapped bubbles are easily discharged from
the barrel interior cavity 77 through the offset pump port.

[0053] As above indicated, the valve manifold device 46
and the valve assembly 55 are preferably provided by a
rotary-style valve. In this specific embodiment, the manifold
device 46 includes a stator element 87 having a substantially
planar stator face 88 (FIG. 7). Extending through the stator
element 87 is a plurality of intake passages 90-92 that termi-
nate at respective intake ports 50-52 at the stator face 88. Each
reagent intake port 50-52 and associated intake passage 90-92
are coupled to a corresponding that reagent container 35-37,
via the connection tube 56-58 and dock manifold device. This
will be described in greater detail below in reference to FIG.
8A.

[0054] The stator element 87 further includes a dispensing
port 53 at the stator face 88 along with a corresponding
dispensing passage 93 that extends through the stator ele-
ment. As mentioned, the dispensing passage 93 is preferably
connected to dispensing tube 75, which delivers the liquid
reagent into the body of water 31. It will be appreciated that
more or less intake ports can be provided along the stator face.
For instance, more than three liquid reagent intake ports
50-52 may be provided should it be necessary to dispense a
fourth (or more) liquid reagent. By way of another example,
aport 89 may be provided to dispense other materials such as
ozone distribution 94, as shown in FIGS. 2 and 7.

[0055] Inaccordance withstill another aspect of the present
invention, the stator element 87 also defines a wash port 95
positioned at the stator face 88 and a corresponding wash
passage 96 that extends through the stator element. The wash
passage 96 is fluidly coupled to a wash reservoir 97 of wash
fluid, the use of which will be discussed below in reference to
FIG. 8C. To fluidly couple the wash passage 96 to the wash
reservoir 97, flexible tube 98 is employed.

[0056] FIG. 7 bestillustrates that each of the reagent intake
port 50-52, the dispensing port 53 and the wash port 95 are
contained within in imaginary circle 100 placed about a rota-
tional axis 101 of a rotor-stator interface plane 102. More-
over, these ports are equally spaced apart from one another. At
the center of the rotation axis 101 is a fluid drive port 103
having a central passage 105 extending through the stator
element 87. The central passage 105 and the drive port 103 are
fluidly coupled to the pump barrel 76 via the pump tube 82. As
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will be described below, this fluid connection permits fluid
aspiration to and dispensing from the containment reservoir
of the pump barrel.

[0057] The valve assembly 55 further includes a rotor ele-
ment 106 that defines a substantially planar rotor face 107
oriented in an interface Plane 102 that also contains the stator
face 88 of the stator element. These two surfaces are in
opposed relation to one another, and form a fluid-tight seal
when in operation. Inset within the rotor face 107 of the rotor
element 106 is a channel 108 that extends radially from the
rotational axis 101 to the imaginary circle 100. This channel
108 provides a communication bridge from the drive port 103
to one of the intake ports 50-52, the dispensing port 53 or the
wash port 95, depending upon its discrete rotational orienta-
tion.

[0058] The rotor face 107 of the rotor element is preferably
composed of thermoplastic material such as UHMWPE In
contrast, the stator face 88 of the stator element is preferably
composed of a more rigid material such as Kel-F (PCTFE)
Applying a sufficient compression force between the rotor
element 106 and the stator element 87, a fluid-tight seal is
formed at the interface plane 102. Hence, using a stepped
motor 109 (FIG. 3), the rotor element 106 is rotated discretely
about the rotational axis 101. The rotor channel 108 fluidly
bridges the pump device 62 to one of the reagent containers
35-37, the body of water 31 or the wash reservoir 97.

[0059] Typical of such rotary-style switching valve assem-
blies is the TITANEX® valve, Model No. MLLP777-206 by
Rheodyne, LL.C of Rohnert Park, Calif. It will be appreciated
that other rotor-style valves may be employed. Moreover, to
perform the same fluid distribution functionality, other dock
manifold/valve configurations can be employed such as two-
way or three-way switching valves.

[0060] Referring now to FIGS. 8A-8C, partial operation of
the liquid dispensing system will be described in greater
detail. To aspirate one of the liquid reagents (in this example,
reagent container 35) into the containment reservoir 73 of the
pump barrel 76, the rotor channel 108 is radially oriented to
fluidly bridge the pump device 62 to the corresponding intake
port 50.

[0061] Asthe pump piston 78 is retracted from the extended
position (FIG. 4A) to the retracted position (FIGS. 4B and
8A), the volumetric capacity of the containment reservoir 73
is increased, creating suction to draw the liquid reagent.
Depending upon the desired volume of liquid reagent to be
dispensed, the pump piston 78 can be accurately actuated.
[0062] Turning now to FIG. 8B, the rotor element 106 is
discretely rotated about the rotational axis 101 to fluidly
bridge the pump device 62 to the dispensing port 53. The
pump piston 78, thus, can be actuated for movement from the
retracted position (FIG. 8A) toward the extended position
(e.g., FIG. 8B). In this orientation, the contained liquid
reagent can be dispensed from the containment reservoir,
through the drive port 103 and dispensing port 53 (via channel
108), and on to the recreational body of water 31 (via dis-
pensing tube 75).

[0063] Although dedicated intake ports 50-52 are utilized
for each liquid reagent during aspiration, once past the intake
ports, the path to the pump device and out through the dis-
pensing port is common. Cross-contamination of the pump
components, accordingly, can be problematic. To address this
issue, the stator element 87 includes a wash port 95 fluidly
coupled to a wash reservoir that can be bridged, via the rotor
channel 108, to the containment reservoir 73.
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[0064] Atadiscrete wash position, as shown in FIG. 8C, the
rotor element 106 is positioned to bridge the wash reservoir
97 to the pump device 62. More particularly, the ends of the
rotor channel 108 are rotated into fluid communication
between drive port 103 and the wash port 95. As described
above, the pump piston 78 is operated to draw the wash fluid
into the containment reservoir 73 for washing thereof. As also
described above inreference to FIG. 8B, the wash fluid can be
discarded from the containment reservoir 73 through the dis-
pensing port 53. Repeating this wash sequence, the contain-
ment reservoir 73 can be adequately cleaned.

[0065] Turning to FIGS. 5, 6, and 9-11C, the cartridge
apparatus 32 and docking assembly 38 are now described in
greater detail. As best shown in FIG. 6, the docking assembly
38 includes a base member 110 upon which the cartridge
apparatus 32 mounts and releasably locks. The base member
110 is preferably plate-like, and is configured to mount the
entire assembly proximate to the spa or body of water for use
and operation thereof. Such mounting may be performed
through conventional screws (not shown) and screw recep-
tacles 111, or through an adhesive backing.

[0066] Briefly, at one end of the base member 110, a car-
tridge latch assembly 112 cooperates with the cartridge appa-
ratus to releasably lock the same to the docking assembly 38.
This cartridge latch assembly 112 will be described in greater
detail below. On an opposite end of the base member 110 is an
upstanding support structure 113 upon which the dock mani-
fold device 40 is removably mounted. The layout of the sup-
port structure 113 is a custom keyed geometry that enables
slideable mounting ofthe dock manifold device 40 thereto for
proper location and orientation without the use of fasteners.
This is primarily provided by an array of upstanding align-
ment posts 115 that are formed and dimensioned for sliding
receipt in a corresponding array of post receiving slots 116 at
abottom of the dock manifold device 40 (FIG. 11). As shown,
each alignment post 115 is slightly tapered inwardly such that
as the dock manifold device 40 is press-fit downwardly onto
the support structure 113, the alignment posts are increas-
ingly friction fit against the interior walls 117 that define the
respective post receiving slots 116.

[0067] A manifoldlatch assembly 118 is provided between
the dock manifold device 40 and the support structure 113.
FIGS. 11B and 11C best illustrate that the latch assembly 118
includes a resilient latch lever 120 upstanding from the sup-
port structure 113. As the dock manifold device 40 is pushed
down upon the alignment posts 115, a retention tang 121 of
the resilient latch lever 120 contacts a ramped shoulder 122 of
the dock manifold device 40. Upon further movement, the
retention tang 121 extends past a ledge portion of the ramped
shoulder 122 to secure the manifold device in place. Hence,
through manual operation of the resilient latch lever 120, the
dock manifold device 40 can be selectively unlocked from the
base member 110 which is beneficial to replace parts and/or to
add or subtract connector components and tubes as required
or needed.

[0068] In accordance with the present invention, the func-
tion of the dock manifold device 40 is to fluidly couple the
reagent containers 35-37 to the valve manifold device 46 of
the dosing engine 45, via connection tubes 56-58. To provide
such fluid communication, the dock manifold device 40
includes a plurality of dock manifold fluid passages 41
extending through the manifold. While only passage 41 is
shown, each passage is generally identical corresponds to a
respective connection tube 56-58 and a respective reagent
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container 35-37. An upper end of each fluid passage includes
a corresponding manifold connector port 123 configured to
receive a fluid connector (not shown) of a respective connec-
tion tube 56-58. Preferably, the connector ports 123 are
threaded for receipt of a threaded 4-28 style fluid connector.
It will be appreciated, however, that virtually any type of fluid
connector can be employed for fluid coupling of the connec-
tion tubes 56-58 to the manifold. Moreover, it will be under-
stood that while five connector ports 123 are illustrated (only
three of which are shown in use), the manifold can be con-
figured to accommodate any number of fluid passages.
[0069] At an opposite end, the manifold fluid passages are
configured to fluidly couple respective to the dock connectors
125 mounted to the dock manifold device 40. Briefly, as will
be described in greater detail below, these dock connectors
125 releasably mate with corresponding collared connectors
126 mounted to the cartridge apparatus 32, when the cartridge
apparatus is mounted to the docking assembly 38. In the
preferred arrangement, these dock connectors are male-type
connectors having associated pin portions 127 that extend
outward from the dock manifold device 40 in a direction
substantially parallel to the plate-like base member 110
(FIGS. 6 and 11).

[0070] In this manner, dock connectors 125 are preferably
90° angled connectors that include a corresponding connector
base portion 128 adapted to be press-fit into connector receiv-
ing slots 130 (only one of which is shown in FIGS. 11B and
11C). Upstanding from each connector base portion 128 is a
corresponding nozzle portion 132 with an O-ring seal 133.
When the dock connectors 125 are press-fit mounted to the
dock manifold device 40, the corresponding O-rings 133
engage respective interior receiving walls 135 (again, only
one of which is shown in FIGS. 11B and 11C) of the receiving
slots 130. This forms a fluid-tight seal with the corresponding
nozzle portions 132 and with the respective fluid passage 41.
[0071] To further promote vertical load bearing support to
the pin portions 127 of the dock connectors 125 when the
cartridge apparatus 32 is mounted to the docking assembly
38, the support structure includes a plurality of neck supports
136 each upstanding from the base member 110, and corre-
sponding to a dock connector 125. As shown in FIGS. 6 and
11, when the dock manifold device 40 is press-fit mounted to
the support structure 113, the necks of the pin portions 127 are
seated against the neck supports 136 to promote the afore-
mentioned vertical support. The necessity for such a vertical
load bearing support will be apparent when describing the
engagement of the dock connectors 125 with the correspond-
ing collared connectors 126 of the cartridge apparatus 32.
[0072] The dock manifold device 40 further includes two
spaced-apart towers 137, 138 upon which the cartridge appa-
ratus is movably mounted. More specifically, these upstand-
ing towers 137, 138 include the respective mounting structure
140 which are contained and supported by respective canti-
levered mounting posts 142, 143 extending outwardly over
the base member 110. As will be described in more detail
below, these cantilevered mounting posts 142, 143 function to
movably mount the cartridge apparatus 32 to the docking
assembly 38 along a curvilinear path that effectively engages
the dock connectors 125 to the corresponding collared con-
nectors 126.

[0073] Referring back to FIGS. 5 and 6, the cartridge appa-
ratus 32 will now be described. The cartridge apparatus pref-
erably includes a body member 145 that defines a central
cavity 33 therein. At one end of the body member 145 is a
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generally planar front wall 34, while at an opposite end is a
rear wall 146 that supports a handle member 147. A pair of
opposed sidewalls 148, 150 extend between the rear wall 146
and front wall 34 for support thereof. The body member
further includes a first and second dividing wall 151, 152
separating the central cavity 33 into a first compartment 155,
an adjacent second compartment 156 and an adjacent third
compartment 157. Each compartment 155-157 is sized and
dimensioned for receipt and support of a respective reagent
container 35-37 therein.

[0074] In one configuration, the body member 145 of the
cartridge apparatus 32 is generally a rectangular shell-shaped
structure having a bottom opening 158 into the cavity 33. The
body member 145, as well as the docking assembly compo-
nents are both preferably composed of a light-weight, rela-
tively high-strength material having good load bearing, yet
resilient properties. Due to the complex form and shapes of
the assemblies, however, a moldable material is more cost
effective and is very much preferred. Typical of such materi-
als include thermoplastic, ABS, etc.

[0075] Each dividing wall 151, 152 is preferably planar,
and is oriented upright when the cartridge apparatus 32 is
lying in the orientation of FIG. 9. Moreover, the dividing
walls are preferably integrally formed with the interior walls
defining the cavity 33, and extend fully from the rear wall 146
of'the body member 145 to the front wall 34 thereof. Further,
the dividing walls extend all the way to a top wall 160 of the
body member 145, effectively separating the adjacent first,
second and third compartments 155-157 from one another.
This is beneficial in that it adds structural rigidity and isolates
one compartment from another.

[0076] As best viewed in FIG. 6, the dividing walls 151,
152 also extend in a direction substantially perpendicular to
the front wall 34 and the rear wall. Together with the webbed
support walls 161, this configuration provides ample load
bearing support to the front wall 34 that is necessary when
cartridge apparatus 32 is mounted to the docking assembly
38. As will be described, during engagement of the dock
connectors 125 and the corresponding collared connectors
126, over fifty (50) lbs of force may be sustained against the
front wall. Hence, the front wall 34 must be sufficiently rein-
forced to resist material fatigue and potential material frac-
ture or significant deflection during the make or break of the
connectors.

[0077] It will be appreciated that while two primary divid-
ing walls 151, 152 are described and shown, more dividing
walls could be added that define more than three primary
compartments. In fact, as shown in FIGS. 6 and 9, each
dividing wall 151, 152 is Y-shaped at a pocket portion 162,
163 thereof. Each pocket portion 162, 163 is oriented at one
end of the respective dividing wall 151, 152, and that inter-
sects the front wall 34 to form a respective pocket compart-
ment 165, 166. As shown, a first pocket compartment 165 is
formed and positioned between the first compartment 155
and the second compartment 156, while a second pocket
compartment 166 is formed and positioned between the sec-
ond compartment 156 and the third compartment 157. Each
pocket compartment 165, 166 is significantly smaller in vol-
ume than the primary compartments 155-157. However, in a
similar manner, these pocket compartments are formed and
dimensioned for receipt of a respective reagent container (not
shown) therein for liquid dispensing.

[0078] As best illustrated in FIGS. 9 and 10, each primary
compartment 155-157 and each pocket compartment 165,
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166 includes a corresponding primary connector support 167
and pocket connector support 168, respectively, coupled to
the front wall 34 for communication with the respective
pocket compartment 165, 166 and the primary compartment
155-157, respectively. Briefly, it will be appreciated that
while the primary connector support 167 and the pocket con-
nector supports 168 are illustrated, only the primary connec-
tor supports and the associated reagent containers 35-37, etc.
will be detailed for the ease of description and clarification.
[0079] Accordingly, each connector support 167 is formed
and dimensioned for sliding engagement with a respective
collared connector 126 of the respective reagent container
therebetween. FIGS. 10, 11B and 11C illustrate that each
connector support 167 cooperates with the respective collared
connector 126 to provide a predetermined tolerance or longi-
tudinal sliding displacement therebetween to aid engagement
with the respective dock connector 125.

[0080] The collared connectors 126, only one of which will
bedescribed in detail, each include an outer collar portion 170
and an adjacent inner collar portion 171 surrounding a respec-
tive receiving receptacle 172 of the connector. These substan-
tially parallel, oval-shaped collars are preferably composed
of semi-flexible thermoplastic material, and are removably
press-fit into mounting engagement with a respective connec-
tor support 167 (FIG. 10).

[0081] Briefly, these conventional female collared connec-
tors 126 and the mating male dock connectors 125 are typi-
cally referred to as multiple make and break style fluid con-
nectors, and are often applied to food product packaging. The
receiving receptacle 172 of the collared connector 126 is
formed and dimensioned for sliding receipt of the corre-
sponding pin portion 127 of the dock connector 125.

[0082] To promote fluid sealing, as shown in FIGS. 6 and
11A, the pin portions include O-rings 173. During insertion
of the tapered pin portion 127 into the corresponding recep-
tacle 172, the corresponding O-ring 173 engages the interior
walls defining the receiving receptacles to form a fluid tight
seal therebetween. Typical of these male dock connectors 125
are those provided by IPNUSA of Peachtree City, Ga. Model
No. SPS-4 Similarly, the mating female collared connectors
126 are also those provided by IPNUSA Model No. SPS-4F It
will be appreciated, however, that other IPNUSA style mul-
tiple make and bread fluid connectors can be utilized.

[0083] Referring back to FIGS. 9 and 10, each connector
support 167 includes a U-shaped load bearing support 175
that cooperates with the front wall 34 to define a U-shaped
groove 176 therebetween. The U-shaped grooves 176 extend
downwardly from a lower edge portion 177 of the front wall
34, and are formed for sliding receipt of the respective outer
collar portion 170 of a respective collared connector 126
therein, in the direction of arrow 178. Similarly, the respective
inner collar portion 171 is retained against the interior side of
the front wall for additional support.

[0084] To retain the collared connector 126 in the groove
176, the connector support 167 includes a pair of opposed
retention tangs 180 (only one of which can be seen) extending
into a respective groove 176 thereof. As the reagent container
35 is positioned in the respective primary compartment 155,
and the outer collar portion 170 is inserted into the respective
groove 176, the peripheral sides of the collar will friction
contact the retention tangs 180. Manually applying a suffi-
cient force, in the direction of arrow 178, the friction force
between the opposed retention tangs 180 and the outer collar
portion 170 can be overcome to force the collared connector
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126 past the retention tangs 180 and into a socket of the
U-shaped groove 176. Conversely, to remove the retained
collared connectors, a force applied in a direction opposite
that of arrow 178 must similarly overcome the opposed fric-
tional forces for removal from the connector support.

[0085] The collared connectors 126 are each mounted, in a
fluid-tight manner, to one end of the corresponding reagent
container 35-37. Each container 35-37 is formed and dimen-
sioned for placement into a respective primary compartment
155-157 (FIG. 9). Hence, in some specific embodiments, the
containers may be provided by a collapsible, flexible-type
plastic bag that are capable of semi-conforming to the shape
of the respective compartment in which it is contained. For
example, the application of thin plastic bags are typically
more cost effective, and need not be vented as the plastic bag
will collapse as the liquid reagent is drawn from the bag.
[0086] In another specific embodiment, the reagent con-
tainers 35-37 may more rigid and custom pre-shaped for
positioning in the respective primary compartments 155-157
(as shown in FIGS. 9 and 13, for instance). Such custom
preformed containers may facilitate volume maximization of
the containers in the respective compartment. The may also
be more protective, if desired, since the rigidity and wall
thickness can be increased.

[0087] To moveably mountthe cartridge apparatus 32 to the
docking assembly 38, the cartridge apparatus includes a
mounting device 181 that cooperates with the dock mounting
structure 140. FIGS. 5, 9 and 11 illustrate that the cartridge
mounting device 181 is integrally formed with the body mem-
ber 145. More specifically, the cartridge mounting device 181
is configured to cooperate with the mounting posts 142, 143
of the docking assembly 38 for movement between a first
condition (FIG. 11A) and a second condition (FIGS. 5 and
11C). Briefly, in the first condition, the cartridge mounting
device 181 and the dock mounting structure 140 cooperate to
enable coupling of the cartridge apparatus 32 to the docking
assembly 38. In contrast, during movement of the cartridge
apparatus 32 from the first condition to the second condition
(FIGS.11B and 11C), the respective collared connectors 126
of' the reagent containers 35-37 are aligned and engaged with
the respective dock connectors 125 of the docking assembly
38 for fluid-tight mating therebetween.

[0088] The mounting device 181 of the cartridge apparatus
is preferably positioned at an outer upper portion of the car-
tridge apparatus. More preferably, the mounting device 181
includes a pair of spaced-apart post receptacles 182, 183
formed for receipt of the triangular-shaped cantilevered
mounting posts 142, 143 of the docking assembly 38 therein
(FIGS. 5,9 and 11A). These receptacles 182, 183 are posi-
tioned proximate an intersecting edge between the front wall
34 and the top wall 160 of the body member 145

[0089] The cartridge mounting device 181 further includes
a pair of opposed hinge pins 185, 186 (FIGS. 9, 11A and 12)
extending transversely across the post receptacles 182, 183.
These pins 185, 186 are preferably longitudinally aligned
along a common rotational axis 187 that is oriented substan-
tially at and parallel to the intersecting edge. These hinge pins
185, 186 cooperate with the tapered L-shaped slots 188, 190
(FIGS. 6, 11A and 12) formed in the opposed outer walls 196,
197 of the cantilevered mounting posts 142, 143 to enable
hinged movement about the rotational axis 187 between the
first condition and the second condition. Each L.-shaped slot
188, 190 tapers inwardly towards a neck portion (only neck
portion 191 of slot 188 of which is shown) which then termi-
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nates at an end socket 193 formed and dimensioned to receive
and retain the hinge pin 185 there in for rotation about the
rotational axis 187.

[0090] To mount the cartridge apparatus 32 to the docking
assembly 38, the pair of cantilevered mounting posts 142, 143
are aligned with and place into the corresponding post recep-
tacles 182, 183, in a manner aligning and sliding the cartridge
hinge pins 185, 186 into the corresponding [.-shaped slots
188, 190 of the mounting posts. As best viewed in FIG. 12, the
transverse cross-sectional dimension of the hinge pin 185 (as
well as hinge pin 186) is eccentric-shaped. Hence, in the
orientation of the first condition shown in FIGS. 11A and 12,
the eccentric-shaped hinge pin 185 permits passage through
the neck portion 191, 192 and into the end socket 193, 195 of
the L-shaped slot 188. Upon movement of the cartridge appa-
ratus toward the second condition, the hinge pins 185, 186 are
locked into their corresponding sockets. Conversely, to
remove the eccentric hinge pins 185, 186 from the end sockets
193, 195, the cartridge apparatus 32 must be returned to the
first condition to push the pins past the corresponding neck
portions.

[0091] In accordance with the present invention, the dock
mounting structure 140 and the cartridge mounting device
181 cooperate such that during movement of the cartridge
apparatus from the first condition to the second condition, the
respective collared connectors 126 of the reagent containers
35-37 are aligned and engaged with the respective dock con-
nectors 125 of the docking assembly for fluid-tight mating
therebetween. As will be apparent, such mating engagement
is permitted in part to the predetermined tolerance or longi-
tudinal displacement of the collared connector 126 in the
respective socket of the U-shaped groove 176.

[0092] Asthe cartridge apparatus 32 is moved from the first
condition (FIG. 11A) toward the second condition (i.e., from
FIG. 11B to FIG. 11C), the pin portions 127 of the respective
male dock connectors 125 are automatically aligned and
inserted through the mating receiving receptacles 172 of the
female collared connectors 126 until seated for fluid commu-
nication with the respective reagent containers 35-37 at the
second condition. However, the movement of the cartridge
apparatus 32 relative the docking assembly from the first
condition to the second condition is rotational about rota-
tional axis 187. Hence, the actual inter-engagement between
the collared connectors 126 and the dock connectors 125 is
along a curvilinear path. This is problematic since the
selected mating connectors are generally designed for con-
ventional linear engagement along the respective longitudinal
axes of the pin portions 127 and respective receiving recep-
tacles 172 thereof.

[0093] By allowing collared connectors 126 to longitudi-
nally displace a predetermined tolerance in the respective
sockets of the U-shaped grooves 176, in the directions of
arrow 178 in FIG. 11B, the pin portions 127 of the dock
connectors can be sufficiently aligned with the receiving
receptacles 172 of the collared connectors 126 as the car-
tridge apparatus 32 is urged toward the second condition
(FIG. 11C). Preferably, this predetermined tolerance is in the
range of about 0.030 inches to about 0.050 inches.

[0094] As mentioned, to collectively engage the fluid con-
nectors, up to about fifty (50) Ibs. may be required in some
instances. Using the handle member 147 of the cartridge
apparatus 32, positioned at the rear wall 146, sufficient lever-
age can be generated to facilitate manual engagement (and
disengagement) of the fluid connectors force for most per-
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sons. Also located along the rear wall 146 is a latch lever 198
of the cartridge latch assembly 112, above-mentioned. As
shown in FIGS. 5, 11B and 11C, the latch assembly 112
cooperates between the cartridge body member 145 and the
dock base member 110 to releasably lock the cartridge appa-
ratus 32 to the docking assembly 38.

[0095] Thelatch lever 198 is cantilever mounted at a central
portion thereof to the rear wall of the body member 145. At a
bottom portion of the latch lever 198 is a latch tang 200 that
engages a corresponding lip portion 201 in a latch receiving
slot 202 of the base member 110. When the cartridge appa-
ratus 32 is moved to the second condition of FIG. 11C, the
resilient latch tang 200 engages the corresponding lip portion
201 to releasably lock the cartridge apparatus in place.
[0096] At a top of the latch lever 198 is a manually lever
portion 203 that operates the lower latch tang 200. By manu-
ally pressing the lever portion 203 in the direction of arrow
205 in FIG. 5, the latch tang 200 can be moved past the lip
portion 201 to release the latch lever from the locked position.
[0097] Inanother aspect of the present invention, as shown
in FIG. 13, the cartridge apparatus 32 can be distributed with
one or more reagent containers 35-37 already preinstalled in
the primary compartments 155-157. In this specific embodi-
ment, the cartridge apparatus 32 is then ready for easy mount-
ing to the docking assembly 38, and connection to the liquid
dispensing system through the dock manifold.

[0098] To secure the reagent containers 35-37 in the car-
tridge apparatus 32 for transport, a strap device 206 may be
provided that extends across the opening 158 into the interior
cavity 33. Preferably, this strap device 206 extends transverse
to the first and second dividing walls 151, 152, and across the
compartments 155-157. The strap device may be composed
of any flexible heat shrink material. Typical of such flexible
materials include polyethylene.

[0099] To further secure and retain the strap device 206 in
place, the exterior portions of the body member 145 may
include an alignment groove 207 or the like. These alignment
grooves 207 are preferably positioned on opposing sidewalls
148, 150 of the body member 145, and are formed and dimen-
sioned for receipt of the strap device therein. When the strap
device is tightened about the cavity opening 158 the align-
ment grooves 207 will prevent slippage about the body mem-
ber 145.

[0100] In still another aspect of the present invention, the
general operation of the liquid dispensing system 30 of the
present invention is disclosed. Referring to the self-explana-
tory operation flow diagrams of FIGS. 14A-14G, FIG. 14A
illustrates the start-up procedure. Upon power-up, the control
circuit board 61 establishes communication with the user
interface 71 through the power and control cord 66. System
configuration is then retrieved from an internal non-volatile
memory device, or in the absence of that information, the user
is instructed to enter it. If the cartridge 32 is empty, the user is
instructed to replace it with a new one. The control circuit
board 61 will next position the pump device 62 and the valve
assembly 55 to their start-up positions.
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[0101] FIG. 14B illustrates the main operational loop ofthe
dosing engine 45. Dosing of liquid reagents can be a result of
auser request or an automatic, timed schedule. Upon encoun-
tering either a user request or an indication from an internal
timer, the dosing engine 45 will dispense the liquid reagents
from the cartridge 32 into the spa 59 using a dosing schedule
stored in the internal non-volatile memory of the control
circuit board 61. Another internal timer is used to track the
frequency of the user inputting the concentration of liquid
reagents in the spa 59. If the predetermined period of time has
passed without user input, the user is instructed to perform the
measurement of liquid reagent levels in spa 59, and to enter
the values using user interface 71.

[0102] Dispensing algorithms for different types of liquid
reagents are also stored in the internal non-volatile memory of
the control circuit board 61, and are illustrated in FIGS. 14C,
14D, and 14E. FIG. 14F depicts the procedure used when a
system error is encountered, while FIG. 14G illustrates the
operation of the control circuit board 61 interrupt system for
accomplishing communication and timing tasks.

[0103] Those skilled in art will appreciate that other pos-
sible modes of system operation can accomplish the essen-
tially same liquid dispensing tasks. Moreover, although only
a few embodiments of the present inventions have been
described in detail, it should be understood that the present
inventions might be embodied in many other specific forms
without departing from the spirit or scope of the inventions.

What is claimed is:

1. A liquid dispensing system for automated dispensing of
aplurality of liquid reagents into a recreational body of water,
said system comprising:

a cartridge apparatus defining a cavity, and a cartridge front

wall;

a plurality of liquid reagent containers containing a respec-
tive liquid reagent, each said reagent container being
disposed in said cavity in a manner permitting access to
each respective liquid reagent through the front wall;

a docking assembly having a dock manifold device, and
releasably coupled to the cartridge apparatus between a
first condition and a second condition, removably
mounting the cartridge apparatus to the docking assem-
bly in a manner permitting fluid communication through
the cartridge front wall from the respective reagent con-
tainer to respective fluid passages of the manifold
device;

a dosing engine having a valve manifold device having a
plurality of intake ports coupled to the respective dock
manifold fluid passages, and a dispensing port to deliver
the liquid reagents to the body of water, said dosing
engine further including a valve assembly fluidly
coupled to the valve manifold device to manipulate the
flow distribution between the respective intake ports and
the dispensing port for selective dispensing of the
respective liquid reagents through the dispensing port
and to the recreational body of water.
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